The barrier hindering internal rotation of the methyl group was determined by analysing the splittings of rotational lines in the ground state. So model errors are minimized. The assignment was checked by double resonances and a centrifugal distortion analysis.
Introduction
The microwave spectrum of propionaldehyde (propanal), CH3CH2CHO, has been investigated in its eis and gauche forms by Butcher and Wilson [1] . They determined from the rotational spectrum of the first excited state of the methyl torsion the barrier to internal rotation for the eis conformer. A study of the gauche conformer was given by Pickett et al. [2] . The barrier to methyl internal rotation for this conformer is not yet determined As the eis conformer shows an interaction of the methyl torsion and C-C torsion [1] influencing the determination of the methyl barrier, we decided independently in both laboratories to study the fine structure of the ground state rotational spectrum. Usually high J transitions show a larger splitting due to internal rotation. Furthermore microwave Fourier transform (MWFT) spectroscopy reaches higher resolution. After noticing that the molecule has been investigated in both laboratories, we decided to publish the results together.
Experimental
The spectra were investigated in Bristol with a Stark spectrometer [3] in the region of 10 to 38 GHz at dry ice temperature and a pressure of about lOmTorr. The splittings were measured with a precision of about 30 kHz. In Kiel a MWFTspectrometer [4, 5] in the region from 8 to 18 GHz Reprint requests to Prof. Dr. H. Dreizler, Institut für Physikalische Chemie der Universität Kiel, Olshausenstraße 40-60, D-2300 Kiel was used. The accuracy is about 20 kHz. The temperature was -60 °C, the pressure down to 0.5 mTorr. Furthermore the assignment of the /^-lines was checked by the double resonances in Table 1 . The double resonance spectrometer was of the type described in [6] . For pump frequencies the accuracy is estimated to 100 kHz, for signal frequencies 50 kHz.
The samples were purchased from BDH Chemicals Ltd., 95°/o (Bristol), and from Ega Chemie, 97°/o (Kiel) and used without further purification.
Centrifugal Distortion Analysis
In a first step a centrifugal distortion analysis was made to guarantee a correct assignment of the high J lines. Table 2 gives the centrifugal distortion analysis of 69 lines measured in both laboratories with different techniques. The Hamilton of van Eijck [7] was used as the correlation of the parameters was better than for other choices. The program ZFAP4 a of Typke [8] was used. The parameters are 0340-4811 / 82 / 0900-1035 $ 01.30/0. -Please order a reprint rather than making your own copy. Table 2 . Lines of cis-CHaCH^CHO used for centrifugal distortion analysis. j'caic with constants of Table 3 . Table 2 (continued).
Calc.-exp.
[MHz] given in Table 3 . The highest correlation is 0.892 for (B, C) and for (D/, <dj). The mean square deviation is 702 kHz. For split lines the mean value ''exp = + 2 ^e) was used, where and are the frequencies of the A-and E-species components of the doublets. This procedure was verified by the internal rotation analysis.
A centrifugal distortion analysis with a sixth order theory (program ZFAP6 V. TYPKE) improved the fit to 53 kHz mean square deviation. But the correlation is higher and the errors of the parameters of sixth order are of the magnitude of the parameters. So we do not give the results.
Internal Rotation Analysis
The internal rotation splitting of 28 lines could be resolved, with MWFT also for low J lines.
The analysis was made with the internal axis method (IAM) following the treatment of Woods [8, 9] . The program is a version modified by Meier [10] and by us. It was possible to fit the Fourier coefficient w(l) [11] , a function of the reduced barrier, the angle (a, i) between the internal and the a-inertial axis and the moment of inertia Ia of the methyl top. Numerical values of w;(l) are taken from [12] .
The rotational constants of Table 3 were used. The lines and splittings are given in Table 4 , the parameters in Table 5 and the correlation in Table 6 . Table 4 . Experimental splittings Avexp -v\ -ve (kHz) and calculated splittings A vCaic, calculated with constants of Table 5 and Table 3 . v\ and ve may be calculated from FEXP of Table 2 In contrast to investigations of other molecules the correlation between the barrier V3 , (w( 1)), and /" is tolerable. The mean square deviation of the fit is 28 kHz for a mean splitting Av of 551 kHz. For comparison the measured splittings of the first excited state of Table VIII of (1) were reanalysed with the same program. From their data the rotational constants were determined to be: A = 16641.290 MHz, B = 5870.508 MHz, C = 4592.794 MHz. la and <£(a, i) were assumed as given by our analysis from the ground state. The results are given in the second column of Table 5 . In addition we repeat the values of [1] . Table 5 . Internal rotation parameters of cis-propionaldehyde. The first three parameters of column 1 were fitted in our IAM-analysis, the others are derived. In the second column we give a reanalysis of the measurements of (1) with assumed values in brackets. The last column gives the data of (1). Apparently the value of the barrier V3 is higher than that determined from the first excited state. This is in agreement with the coupling of methyl torsion and C-C-torsion described in Fig. 4 of [1] . As the ground state is less influenced by interactions, we believe that the model error is less for barrier determinations from the ground state [13] .
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